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7KH SXUSRVH RI LPDJH GHQRLVLQJ LV WR JHW D FOHDU YHUVLRQRI D QRLV\ LPDJH$OWKRXJK WKH FXUUHQW GHQRLVLQJPHWKRGV SURGXFH
DFFHSWDEOH UHVXOWV WKH\ VXIIHU IURP FHUWDLQ YLVLEOH DUWLIDFWV :H SURSRVH D PHWKRG IRU LPDJH GHQRLVLQJ ZKLFK FDQ EH
LPSOHPHQWHGLQERWKVSDWLDODQGVSHFWUDOGRPDLQV:HRIIHUDQLPDJHGHQRLVLQJPHWKRGEDVHGRQEORFNSURFHVVLQJDQGZLHQHU









VSHFWUDO DQGPXOWLUHVROXWLRQ DQDO\VLV 7KH LPDJHVPD\ JHW FRQWDPLQDWHG WKURXJK DQDORJ SURFHVV GXULQJ WUDQVSRUW
RYHUDQDORJPHGLD7KHPRVWFRPPRQDVVXPSWLRQLVWKDWWKHQRLVHLV$GGLWLYH:KLWH*DXVVLDQ1RLVH$:*1DQG
DOVRWKHQRLVHLVVWDWLRQDU\DQGXQFRUUHODWHGDPRQJSL[HOV7KHFXUUHQWPHWKRGXVHGWRGHQRLVHDQLPDJH LV%ORFN
0DWFKLQJZLWK'ILOWHULQJ%0'>@1DWXUDO LPDJHGHQRLVLQJ>@VKRZV WKDW%0'LVFORVH WR WKH WKHRUHWLFDO
OLPLW RI GHQRLVLQJ EXW V\QWKHWLF DQG KLJKO\ FRUUHODWHG LPDJHV VWLOO QHHG LPSURYHPHQW 'XDO 'RPDLQ ,PDJH
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+HUHZHXVHELODWHUDO ILOWHULQVSDWLDOGRPDLQDQG%ORFN'LVFUHWH)RXULHU7UDQVIRUP%ORFN')7LQIUHTXHQF\
GRPDLQ:LHQHUILOWHU LVXVHG WRVKULQN WKH WUDQVIRUPFRHIILFLHQWV2XUPHWKRGZRUNVZHOO IRUFRORXU LPDJHVDOVR
)RUFRORXULPDJHVEORFN')7LVDSSOLHGRQHDFKFRORXUFKDQQHO7KLVPHWKRGSURGXFHVKLJKTXDOLW\UHVXOWVLQWHUPV
RI SHDNVLJQDO WR QRLVH UDWLR 3615 DQG YLVXDO TXDOLW\ 7KH SDSHU LV RUJDQL]HG DV IROORZV 5HYLHZ WKH H[LVWLQJ





FROOHFWHG VLPLODU SDWFKHVRQ WRSRI HDFKRWKHU 'ZDYHOHW VKULQNDJH LV XVHG WRGHQRLVH WKHVH' VWDFNV%0'
6$3&$>@LVDQLPSURYHGYHUVLRQRI%0'PRGLILHVWKHSDWFKHVE\SRO\JRQDOVKDSHPDVNVDQGSHUIRUPVD3&$WR
ILQGVSDUVHUHSUHVHQWDWLRQRISDWFKHV1RQORFDO%D\HV1/%>@XVHVPDWUL[LQYHUVLRQIRUVROYLQJWKHPRVWOLNHO\
SDWFKHV )RU FRORXU LPDJHV 1/% LV EHWWHU WKDQ %0'  'XDO 'RPDLQ ,PDJH 'HQRLVLQJ '',' >@ RSHUDWHV LQ
VSDWLDOGRPDLQDQGWUDQVIRUPGRPDLQ%LODWHUDOILOWHUDQGQRQORFDOPHDQVILOWHUDUHXVHGLQVSDWLDOGRPDLQWRGHILQH
ILOWHU NHUQHO 7KH\ SUHVHUYH IHDWXUHV OLNH HGJH EXW IDFH GLIILFXOWLHV LQ SUHVHUYLQJ ORZ FRQWUDVW GHWDLOV :DYHOHW
WKUHVKROGLQJDQGVKULQNDJHPHWKRGVRSHUDWH LQ WUDQVIRUPGRPDLQDQGH[FHO LQSUHVHUYLQJ WH[WXUHVEXW WKH\VXIIHU
IURPDUWLIDFWVQHDUHGJHV0RUHRYHU'','LVDQLWHUDWHGDQGJXLGHGPHWKRGZKLFKSURGXFHVUHVXOWVFRPSHWLWLYHZLWK
%0'3URJUHVVLYH,PDJHGHQRLVLQJ3,'>@LVDGHQRLVLQJPHWKRGGHULYHGIURP'','3,'GLIIHUHQWLDWHVLWVHOI
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

%LODWHUDO ILOWHU SURWHFWV ODUJH DPSOLWXGHV DQGZDYHOHW VKULQNLQJGLVFDUGV VPDOOHU DPSOLWXGHV DQG WKXVGHQRLVLQJ
RSHUDWHVEHWZHHQWKHVHWZRDPSOLWXGHV
6SDWLDO'RPDLQSURFHVVLQJ
:HFRQVLGHUDZLQGRZ୮RIUDGLXV UKDYLQJDGMDFHQWSL[HOVSDQGT%LODWHUDO ILOWHU >@ >@ >@XVHVDJXLGH
LPDJHJWRGHQRLVHWKHQRLV\ LPDJH\+HUHDELODWHUDOILOWHULVXVHGWRGHQRLVHERWKJXLGHDQGQRLV\LPDJHVWRJHW
KLJKFRQWUDVWYDOXHVDV













































୮ǡ୤DQG୮ǡ୤IRU IUHTXHQF\ I:KHQ ZRUNLQJ ZLWK ODUJH LPDJHV QRUPDO LPDJH SURFHVVLQJ















XVLQJ SL[HOZLVH DGDSWLYH ILOWHULQJ XVLQJ QHLJKERXUKRRGV RI VL]H0 DQG1 WR HVWLPDWH WKH ORFDO LPDJH PHDQ DQG
VWDQGDUGGHYLDWLRQDQ:LHQHUILOWHULVWKH06(RSWLPDOVWDWLRQDU\OLQHDUILOWHUIRULPDJHVGHJUDGHGE\DGGLWLYHQRLVH
DQGEOXUULQJ&DOFXODWLRQRIWKH:LHQHUILOWHUUHTXLUHVWKHDVVXPSWLRQWKDWWKHVLJQDODQGQRLVHSURFHVVHVDUHVHFRQG




&RORXU LPDJHVDUHPDGHXSRIFRORXUFKDQQHOV 5*%ZKHUHDVJUD\ VFDOH LPDJHVFRQWDLQRQO\D VLQJOH
FRORXUFKDQQHO7KHFRORXULPDJHLVVSOLWXSLQWRFKDQQHOVRQHIRUHDFKRIWKH5HG*UHHQDQGEOXHFRPSRQHQWV
(DFKRI WKHVHFDQEHSURFHVVHGZLWKEORFN')7 LQGHSHQGHQWO\ ,QVWHDGRIEORFN')7SRLQW'LVFUHWH&RVLQH
7UDQVIRUP'&7FDQDOVREHXVHGE\FRQVLGHULQJHDFKEORFNDWDWLPH6LQFH'&7LVDXQLWDU\WUDQVIRUPDWLRQWKH




IORZFKDUWRIWKHSURSRVHGPHWKRG:LQGRZUDGLXVLVU DQGUHIHUHQFHVSDWLDOVLJPDɐୱ 7KHUDQJHVFDOHɀ୰ 
DQG IRU WKH VSDWLDO VFDOHɀୱ :HFRQVLGHUJUD\ VFDOH LPDJHRI VL]Hൈ7KH LPDJH LV DGGHGZLWK QRLVH
KDYLQJVWDQGDUGGHYLDWLRQɐ ൌ ʹͷDQG]HURPHDQ)RUEORFNSURFHVVLQJWKHUHTXLUHGIXQFWLRQ')7RU,')7>@LV
DSSOLHG RQ HDFK VSHFLILHG VL]H RI EORFN RQ WKH LPDJH 7KH VL]H RI WKH EORFNPD\ ൈ ͺǡൈ ͳ͸ǡͶͺ ൈ Ͷͺǡ ͸Ͷ ൈ
͸Ͷǡ ͳʹͺ ൈ ͳʹͺ)URPWKHILJXUHLWLVFOHDUWKDWWKHRSWLPXPEORFNVL]HLVൈ ͺ
7DEOH3615G%FRPSDULVRQRIJUD\VFDOHLPDJHV

*UD\VFDOHߪ ൌ ͳͲ %DUEDUD &DPHUDPDQ 0RQWDJH /HQD
3URSRVHGPHWKRG    
3,'    
'','    
1/%    
%0'6$3&$    
ߪ ൌ    
3URSRVHGPHWKRG    
3,'    
'','    
1/%    
%0'6$3&$    
ߪ ൌ    
3URSRVHGPHWKRG    
3,'    
'','    
1/%    
%0'6$3&$    




%DVLFDOO\ WKH'))7JLYHVXVDQ LPDJHRI WKH LQWHQVLW\RI ORZIUHTXHQF\ WRKLJK IUHTXHQF\ LQIRUPDWLRQ7KH








D    E     F









GHQRLVLQJ LQFRORXU LPDJHV 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